ABSTRACT We assessed prevalent HIV cases in Atlanta to examine case distribution trends and population characteristics at the census tract level that may be associated with clustering effects. We calculated cluster characteristics (area and internal HIV prevalence) via Kuldorff's spatial scan method. Subsequent logistic regression analyses were performed to analyze sociodemographics associated with inclusion in a cluster. Organizations offering voluntary HIV testing and counseling services were identified and we assessed average travel time to access these services. One large cluster centralized in downtown Atlanta was identified that contains 60% of prevalent HIV cases. The prevalence rate within the cluster was 1.34% compared to 0.32% outside the cluster. Clustered tracts were associated with higher levels of poverty (OR=1.19), lower density of multi-racial residents (OR=1.85), injection drug use (OR=1.99), men having sex with men (OR=3.01), and men having sex with men and IV drug use (OR=1.6). Forty-two percent (N=11) of identified HIV service providers in Atlanta are located in the cluster with an average travel time of 13 minutes via car to access these services (SD=9.24). The HIV epidemic in Atlanta is concentrated in one large cluster characterized by poverty, men who have sex with men (MSM), and IV drug usage. Prevention efforts targeted to the population living in this area as well as efforts to address the specific needs of these populations may be most beneficial in curtailing the epidemic within the identified cluster.
INTRODUCTION
With over 50,000 new HIV infections estimated to occur annually in the USA, the HIV/AIDS epidemic continues to be an important public health problem. 1 Specifically, the Southeastern USA has emerged as a center of HIV/AIDS infection as the number of HIV/AIDS cases are increasing faster in the South compared to other regions of the country. 2 It has been suggested that factors such as poverty, unemployment, inadequate access to healthcare, and sociocultural issues may contribute to this phenomenon.
In 2006, the state of Georgia was ranked eighth in the nation for its reported rate of AIDS cases per 100,000 population, and 1,691 persons were newly diagnosed with HIV infection in 2007. 5, 6 Most of those newly diagnosed with HIV were African-American men in the 20-24 age category. 5 Between 2000 and 2006 the rate of people who had ever been tested for HIV decreased in the metro area (and across the entire state). 7 A recent prospective HIV incidence study at voluntary testing and counseling sites in Atlanta found that among 2,202 participants (81% black), the annual incidence of HIV infection was between 1.1-1.3% and the HIV prevalence was 3.2%. 8 A 2008 report by the Georgia Division of Public Health found that, despite increased funding for prevention and care in recent years, gaps in knowledge, care, prevention, and intervention services related to HIV still existed. The report specifically found gaps in medical services for HIV-positive clients, transportation, comprehensive risk counseling and services, and peer counseling. 9 The metropolitan Atlanta area is comprised of 31 counties with an estimated population of 5,376,285 persons as of July 1, 2008 . 10 The city of Atlanta is a smaller geographic area centrally located in Fulton and DeKalb counties with a diverse population of 445,709 persons including a majority of African Americans (55.8%). 11 While the estimated mean household income is $84,675 (median: $47,464) in the city of Atlanta, a substantial number of persons (21.8%) living within the city of Atlanta have income below the poverty level. 12, 13 HIV service provision for many Atlantans is offered via the Grady Health System's Ponce de Leon Center, serving over 4,000 HIV-infected patients. Federal funding, mostly through the Ryan White Care Act, enables the clinic to assist many lower-income persons with medical and dental care, mental health services, infusion therapies, housing, food, legal services, and community-based organizational support. The Ponce de Leon Center is one of the largest, most comprehensive centers for the care of the HIV-infected patients in the USA. The Georgia Department of Human Resources estimates that over 70% of HIV-infected patients who live in Atlanta reside within 2 miles of the clinic. An extensive network of referring agencies, including those representing AIDS service, faith-based, and community-based organizations, provide frontline HIV testing and counseling services throughout the metropolitan area to identify those eligible for the clinic's treatment services.
Although the risk factors of HIV have been extensively studied, the spatial distribution is largely unexplored. Prevailing assumptions seem to be that HIV prevalence and incidence are clustered in localized geographic areas characterized by poverty and race. [14] [15] [16] [17] [18] Community-level or structural variables (such as poverty) are increasingly being recognized as factors which may place persons at increased risk for HIV. [19] [20] [21] Recent CDC findings, drawn from surveys gathered from heterosexual persons living in diverse census tracts, revealed that HIV was detected in about one out of 42 persons (2.4%) living below the federal poverty level. 22 It is theorized that community-level characteristics such as neighborhood household income reflect social and economic activity, which could be contributing to HIV transmission. Residents in impoverished areas may have a greater chance of encountering others who participate in illegal drug use, engage in prostitution, or have other experiences which put them at higher risk for HIV acquisition. Correspondingly, there may be a relationship to race and ethnicity as Blacks and Hispanics are more likely to live in areas with greater poverty. Therefore, it is reasonable to draw upon ecological systems models to examine the interaction of individual and community-level influences differentiating neighborhood HIV/AIDS rates.
Assumptions regarding the spatial distribution of HIV have not been tested in much of the South, including in Atlanta. This analysis examines the clustering of HIV prevalent cases in four heavily populated counties that are part of the metropolitan Atlanta region (Clayton, DeKalb, Fulton, and Gwinnett) as well as examining socio-demographic factors that potentially characterize the clusters.
In high prevalence areas, such as Atlanta, understanding the spatial distribution of HIV is critical in determining how services should be allocated. Thus, this analysis may help improve public health policy and programmatic action for HIV prevention by informing local planning efforts for service provision within identified areas.
METHODS

Study Population
The study population consisted of all persons diagnosed with HIV through 2007 residing in census tracts in Clayton, DeKalb, Fulton, and Gwinnett counties (n=16,600), which comprise the central Atlanta metro region (population=2,864,969). 23 Census tracts are small, relatively homogeneous geographic units whose boundaries are determined by local residents. 24 As census tracts boundaries are somewhat artificial and can be subject to the modifiable area unit problem, having the exact location of cases would have been preferable; however, due to confidentiality concerns around HIV this was not possible. 25, 26 Therefore, census tracts were used as they were the smallest geographic unit available. They are designed to be stable over time and are considered a preferred unit for geographic analyses when compared to non-population based measures, such as zip codes. 27 Data on race, ethnicity, educational attainment, employment, and poverty were obtained from the US Census Bureau (2000 data) for each census tract in the four county area. HIV prevalence data (as of October 2007) was obtained from the Georgia Division of Public Health. The prevalent HIV cases were geocoded to census tract and listed with sex and exposure status (exposure status represents how the infection was acquired-through heterosexual contact, homosexual contact, IV drug use, or a combination of these).
The list of local HIV prevention service organizations was compiled from three published sources of HIV services, including a resource guide by the Southeast AIDS Training and Education Center, the African American Outreach Initiative, and the Kennesaw State University's Georgia Statewide Resource Inventory (n=26). These organizations were geocoded by address for the spatial analysis. Geographic coordinates of the census tract polygon centroids represented the 391 census tracts in the spatial analysis.
Cluster Identification
Clusters are defined geographic areas in which the prevalence of disease is disproportionately higher compared to neighboring areas. While many statistical methods have been designed to indentify clustering, many of them have limitations. 28 Tests for global clustering detect the existence of at least one cluster, but not the specific location of the cluster(s). 29 In contrast, cluster detection tests can provide the likely location of these clusters without a priori assumptions about the number, location, or size of the clusters. 30 For this analysis, Kulldorff's spatial scan method, which has been widely used to detect clustering in a variety of health-related fields, was used to determine which census tracts fell in clusters of high HIV prevalence. [27] [28] [29] [31] [32] [33] [34] [35] [36] Kulldorff's spatial scan method provides the number and location of spatial clusters.
We used the Poisson distribution to analyze the HIV prevalence data as the number of cases was significantly smaller than the population at risk. Random datasets of cases following the Poisson distribution were generated using 999 Monte Carlo simulations under the null hypothesis (i.e., that the expected HIV case counts in each census tract are proportional to the population of the tract and are randomly distributed). Potential clusters were identified by a circular window that scans each census tract centroid, maximizing the disproportion in HIV prevalence between the inside of the window and the outside of the window. Potential cluster size was defined by the percent of the population used in the analysis, with the lower limit automatically set to 0% and the upper limit set to 50%. We chose 50% as the upper limit because it allowed for the largest applicable cluster size (higher percentage would identify areas with unusually low rates outside the window rather than areas with high rates inside the window). Setting the upper limit to 50% allowed the program to search for both small and large clusters without pre-selection bias.
A maximum likelihood ratio is calculated for each potential cluster and the likelihood ratios of the observed events are tested against the distribution values from the simulated events. This method accounts for uneven geographic population distribution between the census tracts and does not assume an a priori spatial cluster size. 28 The cluster identification was done using the SaTScan Program (version 8.0, freeware, http://www.satscan.org).
Analysis of Census Tract Level Demographic Variables
After cluster tracts were determined, unadjusted and adjusted logistic regression models were used to analyze socio-demographic variables associated with a tract being in a cluster. Poverty, measured as the percent of people living below the poverty line in each census tract, was treated as the main exposure with the other covariates being potential confounders. Potential cofactors included in the analysis were the proportion of HIV cases by each exposure category; the proportion of African American, Caucasian, Hispanic/Latino, and multiracial residents; and the proportion of high school graduates and unemployed adults. In addition, we examined spatial variation by gender within the detected cluster area. All cofactors were measured at the census tract level and expressed as percent per tract, eg, percent of census tract that is African American, percent of census tract that is multiracial. The adjusted model was tested for multicollinearity and assessed for confounding. Cofactors were classified as significant and remained in model when the P-value was less than 0.05. Additionally, we tested and adjusted for spatial autocorrelation using a spatial weight matrix in the model.
Spatial Analysis
The census tracts in the identified cluster were mapped onto choropleth maps of HIV prevalence. The number of census tracts in the cluster and its approximate area were calculated. The HIV prevalence ratio between the cluster and the surrounding area was calculated, as well as the percent of overall cases contained in the cluster. Travel time was calculated from each census tract centroid, which is used to represent the geographic location of each tract, to the nearest local HIV prevention service organizations. Finally, the number of service providers located inside the cluster was determined. All spatial analysis was done in ArcGIS 9.3 (ESRI, 2008).
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RESULTS
Characteristics of Study Population
The population living in the 391 census tracts included in this study had the following median demographic characteristics: age, 32.7 years (interquartile range (IQR), 29.9-35.7); family size, 2.7 (IQR, 2.4-3.0); 36% were African American; and 45% Caucasian; 25.1% have completed high school. The median percent of Hispanics living in the census tracts was less than 0.001%.
HIV cases in the metro area were predominately male (78%, n=13,028) and African-American (72%, n=12,023) with Caucasians being the largest racial minority (22%, n=3,689). Only 4% (n=697) of cases from all races were ethnically Hispanic. Men who have sex with men were the largest exposure category (42%, n=6,998) followed by IV drug users (10%, n=1,691) . A large number of cases had an unreported exposure category (33%, n=5,433) ( Table 1) .
Cluster Location and Characteristics
The cluster identification process revealed one large cluster, consisting of 157 tracts. The cluster was centralized in downtown Atlanta, spreading out toward the city edges ( Figure 1 ). It consisted of 105 census tracts from Fulton County, 52 tracts from DeKalb County, and no census tracts from either Clayton or Gwinnett counties. The area of the cluster was 180 square miles with a diameter of approximately 15 miles. The census tracts contained within the cluster were smaller than those not in the cluster, indicating a higher population density. Tracts within the cluster had an average area of 1.19 square miles (range: 0.035-11.57) and tracts outside the cluster had an average area of 5.06 square miles (range: 0.46-70.32). Over the entire study area, average tract size was 3.50 square miles (range: 0.35-70.32).
The cluster contained 60% of prevalent HIV cases in the metro area. The HIV prevalence within the cluster was 1.34%, compared to 0.32% outside the cluster. Tracts included in the cluster were associated with higher levels of poverty (OR= 1.19), lower density of multi-racial individuals in the population (OR=1.85), and higher prevalence of behaviors that increase the risk of HIV exposure such as injection drug use (OR=1.99), men having sex with men (OR=3.01), and men having sex with men and IV drug use (OR=1.6) ( Table 2 ). In addition, examination of spatial variation by gender revealed important differences within the geographic cluster. HIV-positive men were more likely to live in the cluster than HIV-positive women (OR=1.45, CI [1.35, 1.56]) (Figures 2 and 3) . Forty-two percent (N=11) of community-based or AIDS service providers who offer voluntary testing and counseling in Atlanta are located in the cluster. The average travel time for Atlanta residents to these providers was calculated to be 13 minutes by car (SD=9.24). Accessing these services on public transportation would likely take longer, depending on the public transit resources in the specific area.
DISCUSSION
This study provides a unique visual description of HIV in Atlanta, Georgia. In addition, it considers the complex interplay of socioenvironmental characteristics at the neighborhood level that impact HIV prevalence in this area beyond reported individual risk factors. Using census data, we examined socioeconomic variables such as poverty, educational attainment, and employment status of residents within the defined census tracts. This approach builds upon other cluster analytic approaches by employing a community-level analysis to identify salient factors for structural interventions in this geographic area. 2,37,38 As a major aim of the study was to improve public health practice by informing local planning efforts for service provision within identified areas, we also examined access to voluntary HIV testing and counseling sites within the four counties.
Previous studies have found that proximity is a major factor in social relationships in urban neighborhoods and that neighborhood social contexts influence social networks as well as individual actions. 39, 40 In a more specific finding, a 2001 study found that the experience of living in neighborhoods characterized by high poverty and drug use affected risk-taking behaviors. 41 Likewise, researchers have found IV drug user risk of HIV is tied into the structural and social composition of their social networks. 42 Therefore, increased risk of HIV inside the cluster may be a product of the structural and social environment in which the residents of this area live. In addition to targeted public health interventions, these communities may need structural interventions in order to disrupt the spread of HIV.
The findings reveal a unique picture of HIV prevalence in Atlanta centralized in a region within census tracts that include parts of the two largest counties in the Atlanta metropolitan area (MSA). These counties, in which excess cases of HIV were observed, include DeKalb and Fulton. In the cluster, the HIV prevalence was 1.34% compared to 0.32% outside the cluster. With an HIV prevalence of 1.34%, this cluster can be considered to be an area compatible with a "generalized epidemic," as defined as an area in which the HIV prevalence is ≥1.0% in the general population. 43 We did not find evidence of spatial clustering in Gwinnett and Clayton counties. Our data suggests that the HIV epidemic in Georgia is a concentrated one. As of 2007, the metropolitan area has reported 21,354 cases of HIV/AIDS, representing 64% of all reported cases statewide. 5 Furthermore, within Atlanta, 157 contiguous census tracts form an area that contains 60% of prevalent cases in the city. The geographic spread of HIV in the Atlanta area differed from other urban HIV distributions in US cities. A study of the geographic distribution of AIDS performed in New York City found that cases were clustered in specific neighborhoods of Manhattan and the Bronx. 37 San Francisco exhibited a similar clustering pattern with larger numbers of HIV cases concentrated to specific neighborhoods. 44 Likewise, Seattle's high HIV/AIDS diagnosis rates were concentrated in downtown neighborhoods, with lower rates found in areas farther from the center of the city. 45 In contrast, our results indicate the prevalence of HIV cases is more generalized within the central metro-Atlanta area. Despite the dissimilarity in Atlanta's spatial distribution, factors associated with clusters of HIV were similar among all of these cities (larger populations of MSM and areas of low socioeconomic status).
The likelihood of a census tract being included in the cluster was also associated with higher levels of poverty, and HIV behavioral risk factors such as injection drug use, men having sex with men (MSM), and injection drug usage by MSM. Much like the recent CDC study, we found HIV was more associated with poverty than race. 22 These findings similarly compare to other reports indicating the dynamic interplay of individual and community-level predictive risk factors. 37, 38 Thus, our study demonstrates socioeconomic and cultural characteristics of particular communities may also be important associative risk factors. Future structural interventions such as poverty alleviation, educational attainment, and employment opportunities may ameliorate the conditions within the cluster that foster greater HIV transmission.
Racial data for HIV cases was unavailable by census tract for this study and was only provided for the aggregate four county area. However, we examined spatial variation by gender. The findings reveal spatial heterogeneity with a higher prevalence of HIV-positive men than women in the cluster. This may, in part, be explained by a greater density of MSM living in Atlanta's midtown area who may be selecting local partners. Thus the demographic and risk characteristics are associated with greater male prevalence in this region. Such behavioral phenomena have also been observed in a spatial study of sexually transmitted infections and HIV in Wake County, North Carolina. 38 Alternatively, most of the women in this study likely acquired HIV via heterosexual contact. 5 In these cases, there is a lesser probability of local partner selection given more diffuse residential patterns. This finding suggests that HIV service provision for women should be more widespread in affected communities, whereas for men the services may be more concentrated in specific geographic zones.
Our study offers some insights on approaches that may optimize the ability to reach populations in the cluster area for voluntary HIV testing and counseling (VCT) and subsequent linkage to care. With 42% of HIV VCT providers located within the detected cluster, there is opportunity to expand service provision and education to communities in need. The majority of the community-based (CBOs) and AIDS service organizations (ASOs) that offer VCT are within the central downtown area or western portion of the cluster area. Communities located to the north and southeast of the downtown area have fewer HIV prevention resources despite the presence of several census tracts with ≥2.0% prevalence. Enhancing services within these areas where need for HIV prevention is apparent may contribute to future reduction of HIV incidence.
While HIV incidence rates have remained relatively stable in the past 5 years, the Georgia Division of Public Health found gaps in knowledge, care, prevention, and intervention services related to HIV in the state of Georgia. 5, 9 Even if these gaps were breached, within at-risk populations denial of risk factors and fear of being HIV-positive are barriers to accepting testing. Prevention education needs to address these issues in order to be effective. 46 Moreover, although our study estimated a 13-minute travel time to ASOs and CBOs that offer VCT, accessibility may be an issue for those living in poverty (i.e., those without access to vehicles, etc.). The implementation of mobile HIV prevention units or establishment of physical space in these neighborhoods to serve lower-income residents may be a useful strategy in curtailing the spread of HIV.
Limitations
The present study has several limitations that need to be taken into consideration. The State of Georgia mandated HIV reporting as of December 31, 2003 , which limited our ability to detect temporal trends in the MSA. The sensitive nature of HIV infection requires a level of confidentiality which prevented us from using a more precise measure of geographic location. The results of analysis may have been influenced by the aggregation of the data. With respect to behavioral risk criteria, the "no identified risk factor" (NIR) category may have resulted in significant underreporting of transmission type with 83% of female and 52% of male cases classified in this manner. Therefore, our study is unable to fully describe these individual risk characteristics in relation to other cofactors for which missing data are not a constraint. In addition, the data did not contain age as a factor for analysis. Racial data was similarly not provided at the census tract level and was considered in the analysis at the county level. Finally, travel time estimates are probably low, given the use of census tract as proxy for true residential address and that the time did not account for traffic, which is a consideration in this MSA.
CONCLUSION
The HIV epidemic in Atlanta is concentrated primarily in one large cluster characterized by a large prevalence of poverty, MSM populations, and IV drug usage. Prevention efforts targeted to the population living in this area, including structural interventions and the promotion of VCT by agencies situated in or near the affected census tracts, may be most beneficial in curtailing the epidemic within the identified cluster.
